Photosynthesis by plants, algae, and photosynthetic bacteria is a significant source of the global energy supply. Photosynthetic vesicles, such as the chromatophore in Rhodobacter sphaeroides, are fascinating both fundamentally and technologically. Each chromatophore is capable of photosynthesis by absorbing sunlight as electronic excitation and converting it into chemical energy in form of ATP. Previous scientific inquiries prioritized characterizing the protein-pigment complexes on a chromatophore surface, and how they inform our understanding of photosynthesis by eukaryotic organelles, like chloroplasts. More recent work demonstrates new approaches to engineering biorenewable devices with chromatophore complexes as the active components, renewing interest in Rba. sphaeroides. Despite significant advances in understanding how proteins interact on the surface of a single vesicle, decadeslong deliberation on how chromatophores in Rba. sphaeroides interact with neighboring vesicles continues today. As the reticulated nature of chromatophores may have a significant impact on the photosynthetic mechanism in Rba. sphaeroides and biorenewable technologies, it is imperative to investigate the extent of connectivity between vesicles throughout the bacteria both in situ and in 3D.
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Understanding chromatophore connectivity is hampered by limitations of techniques typically used to assess their structure. For instance, atomic force microscopy has been used to image the arrangement of proteins on the surface of chromatophores, but isolation of vesicles from the bacteria is required and can disturb their network. Transmission electron microscopy (TEM) provides visualization of peripheral structure in Rba. sphaeroides with nanoscale detail, but resolving the internal structure is often hampered by cellular thickness. The conventional thinning technique is sectioning by cryoultramicrotomy, which can introduce compression artifacts. Most of these experimental limitations can be avoided with alternative techniques such as cryo-focused ion beam milling (cryo-FIB) and cryoelectron tomography (cryo-ET). Sample fixation by vitrification preserves the sample in a near-native, liquid-hydrated state avoiding staining artifacts. Cryo-FIB milling thins a specimen with a collimated beam of Ga + ions, providing site-specific, ultra-thin sections without the artifacts associated with cryoultramicrotomy [1] [2] . Furthermore, thinning occurs directly on the TEM grid where specimens have been previously vitrified, reducing the risk of contamination. Cryo-FIB is a robust technique that has been used with cryo-ET to visualize both bacteria and photosynthetic organelles in 3D [3] [4] .
In this study, we use an on-grid cryo-FIB preparation of fully-hydrated, vitrified Rba. sphaeroides to gain an unprecedented view of the internal structure of the bacteria in its native state (Fig. 1 B,C) . We describe the macromolecular landscape of Rba. sphaeroides, including vesicular biogenesis, development, organization, and connectivity (Fig. 2 A,B) . This study provides an assessment of the diversity of vesicular architecture that was inaccessible to previous experimental techniques, as well as the biophysical motivation for connectivity between vesicles [5] . 
